Abstract. The paper discusses the horizontal movements of the Earth's crust in the territory of Lithuania. The curves of horizontal deformations are found by comparing the changes in coordinates of geodetic network points obtained after repeated measurements carried out after a certain period of time. The goal of the investigation was to analyse the regularities of indications of horizontal movements of the Earth's crust established according to the data of three different geodetic measurements. The parameters of horizontal movements were calculated using the method of finite elements and applying tensor analysis. To implement the investigation in the territory of Lithuania, the authors used the points of the triangulation network, formed in the year 1942; and the points of GPS networks of zero class and first class, formed in the year 1993, and measured once again in the year 2007 (the total of 45 joint points). After the investigation, new curves of horizontal deformations (such as relative linear deformations, relative shear deformations, relative dilatation, the maximum and the minimum elongation of the key horizontal deformations, and the directions of the maximum elongation) were found. In case of the analysis of obtained results, it was found that the positive values of deformations predominate in the direction of the maximum related elongation and the negative values of deformations predominate in the direction of the minimum related elongation. The maximum elongation of the key horizontal deformations varies between -1.608 ·10 . Dilatation varies between -27.580 ·10 -6 and -8.612 ·10 -6 . It was found that more intensive changes of indications of deformations were observed at the boundaries of deep blocks of the lithosphere.
Introduction
Investigation of the Earth's crust movement is a topical problem that is not only related with formation and use of geodetic networks but also with identification of seismically active territories, forecasting of seismic activity of tectonic faults, construction of environmentally hazardous objects and prospecting of minerals (Stanionis 2005) .
Up to the beginning of the last decade of the 20th century, the attention of the world was focused on movement of the Earth's crust in seismically active territories (Anikienė 2008) . Seismic events in territories are predetermined by the seismotectonic potential, i.e. the strongest expectable quake as well as the interdependence between the strength and the frequency of the quake. Seismotectonic potential and deformation of the Earth's crust are interdependent phenomena. They often are caused by the same processes in the entrails of the Earth.
The territory of the Baltic States and adjacent regions distinguishes itself for low seismic activity predetermined by the Earth's crust formed in the Early Precambrian Period and a long distance from seismically active zones. The Earth's crust in the Baltic region is affected by horizontal tectonic tensions and the deformations are concentrated along tectonic faults. When their concentration exceeds the fault resistance threshold, it moves thus causing a quake.
The territory of Lithuania is considered aseismic territory, or territory of low seismic activity. Although its seismic activity is low, as compared to neighbouring countries, nevertheless the historical and current data show that perceptible earthquakes took place in the territory of Lithuania as well (The new nuclear power plant... 2008). In Lithuania, the earliest earthquake was documented back in 1328, in Skirsnemunė. The second earthquake, which caused a 1 km long rupture, took place close to Vilnius in January 1909.
In the eastern part of the Baltic region, as in Lithuania, no detailed geodynamic investigation was carried out. Up to the last decade of the 20th century, a negative standpoint on platform areas in respect of their seismic activity existed in the world. It was supposed that no noticeable quakes can occur in platform regions of low seismic activity (up to the magnitude 3 according to the 12-point scale). However, in course of accumulation of the data from instrumental observation of seismic phenomena, the opinion on seismic activity of platform areas and the applicative character of such investigation changed.
In Lithuania, more serious interest in seismic risk zoning was taken after the earthquake in Osmussaare (Estonia) with the magnitude 6-7 (according to the 12-point scale) in the year 1976 (Ilginytė 1998 ) and the Carpathian earthquake in Romania in the year 1977. In the latter region, quakes were perceptible in the years 1986 and 1990 as well. In Lithuania, registered quakes remained within the magnitude 3-4. On 21 September 2004, the quake of the magnitude 4.4 was registered in Ladushkin (Kaliningrad Region); its focus was situated in the depth of 10 m. The second quake in the same Region (in Primorsk town) reached the magnitude 5. Vibrations caused by the above-mentioned quakes were perceptible in a considerable part of the territory of Lithuania. The intensity of vibrations of the ground in Klaipėda reached the magnitude 5, in Kaunas and Vilnius -approx. 3 (Pačėsa et al. 2005) .
For investigation of horizontal movement of the Earth's crust, geodetic networks (triangular, trilateral, poligonometry, GPS) are widely used in the entire world (Hollenstein et al. 2008; Hsu, Li 2004; Kaiser et al. 2005; Mahmoud 2003; Tesauro et al. 2006; Tyshkov et al. 2008; Vigny et al. 2009; Weber et al. 2011; Stanionis 2005; Zakarevičius 2003) . If the data on changes of the coordinates of points of geodetic networks are available, the properties of horizontal deformations of the Earth's crust can be assessed and the changes of the geodynamic tensions can be identified.
The investigation aimed to analyse the regularities of the indications of the horizontal movements of the Earth's crust established according to the data of three different geodetic measurements.
Methodology of indications of horizontal movements of the Earth's crust
In the territory of Lithuania, points of the triangular geodetic network were formed in the year 1942; while points of the GPS network of the class 0 and the class 1 were formed in the year 1993 and repeatedly measured in the year 2007. The total of 45 joint points is used for investigation of movement of the Earth's crust.
The accuracy of the triangular network in the territory of Lithuania is defined by the mean square errors equal to 0.3"-1.2" for measurement of angles and the relative errors equal to 1:295000-1:206000 for measurement of sides (Zakarevičius 2003; Stanionis 2005) . The relative errors of the vectors of the chords for connection of points equal to 1·10 -7 and the ones of ellipsoid heights -to 2·10 -7 . The errors of the geodetic latitude and the geodetic longitude of points of GPS of the class do not exceed 9 mm, and the error of ellipsoid height does not exceed 30 mm (Zakarevičius 2003; Stanionis 2005) . The maximum relative error of chords of the GPS network of the class 1 equals to 1.7·10 -7 (Petroškevičius, Ramanauskas 1995; Skeivalas 2008) . Errors of coordinates of points in the directions of the meridian and the parallel do not exceed 6 mm in respect of points of the class 0.
In the territory of Lithuania, horizontal movement of the Earth's crust was explored in works by A. If changes in coordinates of points of the triangular and GPS networks are known, deformations of the Earth's crust are computed for the area of the finite element (Atkočiūnas, Nagevičius 2004) . The model on shifts of points (Gamal, Kato 1998; Zakarevičius, Stanionis 2007) :
where: X Δ -the vector of shifts of planar coordinates of the points; A -the matrix of deviations of planar coordinates of the points from their average values; E -the vector of the parameters of horizontal deformations of the Earth's crust, where 
The values included in the formula (2-4): The vector of the parameters of horizontal deformations of the Earth's crust is assessed by the least-squares method (Zakarevičius, Stanio nis 2007) :
The relative dilatation of the finite element (Zakarevičius, Stanio nis 2007):
The maximum and the minimum relative elongations of the most important horizontal deformation (Zakarevičius, Stanio nis 2007) :
were
The direction of the maximum relative elongation (Zakarevičius, Stanio nis 2007) :
Results on indications of horizontal deformations of Earth's crust
Using the formulas (1)- (10), the indicators of horizontal deformations in the territory of Lithuania were assessed according to the data on measurements in three epochs (version I -the changes of coordinates between the points of the triangular network of the year 1942 and the points of the GPS network of the year 1993; version II -the changes of coordinates between the points of the triangular network of the year 1942 and the points of the GPS network of the year 2007; version III -the changes of coordinates between the points of the GPS network of the year 1993 and the points of the GPS network of the year 2007). The identified properties of the horizontal deformations include relative linear deformations, relative shear deformations, relative dilatation, the maximum and the minimum elongation of the most important horizontal deformations and the directions of the maximum elongation. In Table 1 , the maximum and the minimum elongation of the most important horizontal deformations, and dilatation are provided. In Table 2 , the limits of changes of relative linear deformations and relative shear deformations between the data on measurements in three epochs are provided. First of all, let's compare the indicators of horizontal deformations of the Earth's crust provided in the version I and the version II.
In the direction of the maximum elongation of the most important of horizontal deformations, positive values prevail. In the version I, deformations of 59 triangles of 69 are positive; and in the version II, deformations of 52 triangles are positive. The principal area of negative deformations is concentrated in the triangles 39-41, i.e. in the northern part of the territory of Lithuania (the territory of Linkuva Ridge). End of Table 1 In the direction of the minimum elongation of the most important of horizontal deformations, negative values prevail: in the version I, deformations of 61 triangles are negative; and in the version II, deformations of 62 triangles are negative. The maximum negative value of the minimum relative elongation is found in the triangle 52 and the maximum positive elongation -in the triangle 22.
In both versions, the maximum negative value of the maximum relative elongation is found in the triangle 4 and the maximum positive value of it -in the triangle 23 (Table 2) .
Dilatation of 38 out of 69 triangles (the version I) and 42 triangles out of 69 (the version II) is negative. In both versions, the maximum negative value of the maximum dilatation is found in the triangle 51 and the maximum positive value of it -in the triangle 20. If data on geodetic measurements (triangular and GPS) of different accuracy are used in investigation of movement of the Earth's crust, only general regularities of its indicators can be identified. For assessment of reliability of the values of individual numerical indicators of horizontal deformations of the Earth's crust, the data of the repeated measurement of Lithuanian GPS networks of the class 0 and the class 1 were used (the version III).
In the version III, in the direction of maximum relative elongation, positive horizontal deformations prevail (the total of 50 triangles) and in the direction of the minimum relative elongation, negative deformations prevail (the total of 66 triangles). The principal area of negative deformations is concentrated in the middle part of Lithuania (the triangles 33-36 and 43-46). Positive deformations are found in the triangles 1, 4 and 23. Values of dilatation are negative in 45 triangles. More considerable changes of dilatation are found in the north -in the zones of faults near Telšiai and Mažeikiai.
At Figs 2 and 3 isograms of the maximum and the minimum elongation of the most important horizontal deformations are provided. As it can be seen from the isograms, the dislocation of isolines of the indicators of the maximum and the minimum elongations related to the most important horizontal deformations coincides in the version I and the version II. In the version III, the dislocation of isolines of the indicators differs from two first versions; however, the general trends remain unchanged.
Changes of the gradients of horizontal movements are more significant at potentially seismogenic zones. They are particularly significant in the zone of faults near Raseiniai. Less significant changes are found in the zones of faults near Tauragė as well as in the eastern and southeastern parts of Lithuania.
More significant changes of the minimum relative elongation take place in zones of faults of Klaipėda and Telšiai regions (between the faults of Šilalė and Tauragė regions) and in zones of faults in the south-eastern Lithuania. In addition, territories of the Middle Lithuania, Jurbarkas and Raseiniai regions should be singled out as well.
The obtained results show that the undertaken investigation, presented in this paper, ant the obtained indicators of horizontal deformations of the Earth's crust correlate with the results of the works carried out by A. Zakarevičius (2003) and A. Stanionis (2005) . Although the territory of Lithuania is considered an aseismic region, summarization of the results of the investigation on horizontal movement of the Earth's crust suggests that the territory of Lithuania is geodynamically active. In all versions, the values of the gradients of the maximum and the minimum elongation of the most important horizontal movement are fixed at borders of deep blocks of the lithosphere.
Conclusions
The properties of the Earth's crust movement and their regularities assessed according to the data of geodetic measurements of different accuracy reflect general trends of the movement only. More detailed values of numerical indicators of horizontal deformations of the Earth's crust were obtained while carrying out investigation according to the repeated GPS measurement.
The limits of changes of relative linear and relative shear deformations are: ε xx varies between -16.300 ·10 -6 and 11.960 ·10 -6 , ε yy varies between -26.200 ·10 -6 and 14.040 ·10 -6 , ε xy varies between -28.163 ·10 -6 and 27.674 ·10 -6 (versions I and II); ε xx varies between -0.645 ·10 -6 and 0.787 ·10 -6 , ε yy varies between -0.467 ·10 -6 and 1.147 ·10 -6 , ε xy varies between -1.066 ·10 -6 and 0.788 ·10 -6 (version III). The limits of the dilatation varies between -27.580 ·10 -6 and 8.612·10 -6 (versions I and II); between -0.799 ·10 -6 and 1.488·10 -6 (version III). The limits of changes of the maximum relative elongation are: ε 1 varies between -1.608 ·10 -6 and 20.832 ·10 -6 , ε 2 varies between -29.424 ·10 -6 and 1.397 ·10 -6 (versions I and II), ε 1 varies between -0.296 ·10 -6 and 1.160 ·10 -6 , ε 2 varies between -0.874 ·10 -6 and 0.328 ·10 -6 (version III). After summarizing the results of the investigation on horizontal Earth's crust movement, it may be supposed that the territory of Lithuania is geodynamically active.
A distribution of the values of gradients of the maximum and the minimum relative elongations of the most important horizontal movements in all versions is found at borders of deep blocks of the lithosphere.
